We evaluated the oncologic outcomes of patients with rectal cancer who demonstrated pathologic near-total regression (NTR) after preoperative chemoradiotherapy (PCRT) and compared with total regression (TR).
INTRODUCTION
T he paradigm of clinical medicine is evolving with the concept of precision medicine, which is an integrated effort to treat patients based on their individual characteristics and not by a routine practice guideline. Predicting responses to preoperative chemoradiotherapy (PCRT) is a core step in applying precision medicine to rectal cancer treatment.
Current guidelines suggest PCRT followed by surgery as the standard treatment for all locally advanced rectal cancer patients, 1 but the degree of tumor response to radiation therapy varies and ranges from complete eradication of the primary tumor to minimal or no radiation-related changes. The benefit of PCRT is optimized in patients who have highly responsive tumor to either radiation or chemotherapy and those patients who have certain clinical characteristics that are associated with superior treatment outcome. [2] [3] [4] However, the available data are insufficient regarding patients in which the tumor response is not sustained and salvage resection is subsequently required due to locoregional failure. 4 Predicting the tumor response to PCRT will lead to different clinical decisions. We will be able to recommend personalized treatment modalities in different sequences according to their predicted response to PCRT. For example, for patients who are unlikely to respond to PCRT and thus do not seem to benefit from neoadjuvant treatment, 5 surgery could be performed without delay. Therefore, in recent years, there has been great interest in identifying the molecular predictors of rectal cancer's response to PCRT. 6, 7 In order to identify predictive biomarkers of responsiveness to PCRT, it is critical that we have a standardized classification of response. Tumor regression grade (TRG)-which scores the relative proportion of residual tumor to stromal fibrosis 8 -has been widely used to determine the level of tumor response to PCRT.
No consensus, however, has yet been reached regarding uniform standards for determining good indicators of response to PCRT. In many studies, patients with pathologic near-total regression (NTR) have been included in similar prognostic groups as patients with pathologic total regression (TR). 9, 10 While, several recent studies also report controversial results. 11, 12 The pilot analysis of our data showed significantly higher rates of recurrence in NTR patients than TR patients, which led us to question it is appropriate to consider NTR along with TR as an indicator of good response. This study evaluated the oncologic outcomes of patients with rectal cancer showing pathologic NTR on TRG after PCRT, and we compared these outcomes with TR patients in order to determine if NTR is an appropriate indicator of a good response to PCRT.
METHODS

Patients
We included 263 patients with locally advanced, primary, mid-, and low-rectal cancer located within 10 cm of the anal verge. All patients received PCRT followed by radical resection between January 2008 and December 2011 at Asan Medical Center, Seoul, Korea. Tumors were clinically diagnosed as T3/T4 or Nþ on magnetic resonance imaging (MRI) and no evidence of distant metastasis on pretreatment work-ups was defined as locally advanced rectal cancer. Patients who were diagnosed with TR or NTR on pathologic examination of the resected specimens were included, while cases with other TRG, including no, minimal, or moderate regression was excluded in this study. Patients with a prior or concurrent malignancy were excluded. Prior to treatment, medical histories were thoroughly noted and physical examinations were used to assess all patients, including digital rectal examination, complete blood count, blood chemistry, measurement of carcinoembryonic antigen (CEA) concentrations, colonoscopy, chest radiography, computed tomography (CT) of the abdomen and pelvis, and pelvic MRI. Each patient provided informed consent before treatment.
PCRT and Surgical Treatment
Preoperative radiotherapy consisted of 45 to 50 Gy administered in 25 fractions to the entire pelvis, followed by a 5.4-Gy boost to the primary tumor administered in 3 fractions. Chemotherapy was delivered as 2 cycles via an intravenous bolus of 5-fluorouracil (FU) (375 mg/m 2 per d) and leucovorin (LV) (20 mg/m 2 per d) over 3 days during the 1st and 5th weeks of radiation therapy, or oral capecitabine (1650 mg/m 2 per d) was administered twice-daily during radiation therapy. For some patients, an oxaliplatin-based regimen or TS-1 was used. Radical surgical resection was planned for 5 to 8 weeks after completing PCRT. Surgical resection was performed according to the principle of total mesorectal excision. 13, 14 Histopathologic Examination and TRG Pathologic responses to PCRT were evaluated in the resected specimens using the TRG system suggested by the Gastrointestinal Pathology Study Group of the Korean Society of Pathologists. 15 Tumor regression was scored using a 5-tier system: TR, total regression with no residual tumor cells and only fibrotic mass; NTR, near-total regression with microscopic residual tumor (ie, difficult to find) in the fibrotic tissue; moderate regression, dominant irradiation-related changes with residual tumor (ie, easy to find); minimal regression, dominant tumor mass with obvious irradiationrelated changes; and no regression and no evidence of irradiationrelated changes (fibrosis, necrosis, and vascular change). The grading system used in the present study can be easily translated to the Mandard and Dworak TRG system (see Table, Supplemental Content, which describes the 5-tier tumor regression grading system suggested by the Gastrointestinal Pathology Study Group of the Korean Society of Pathologists and compares it with other grading systems, http://links.lww.com/MD/A553).
Pathologic stage (ypT and ypN) was determined according to the 7th AJCC TNM classification. 16 Central review of the TRG was performed by 1 dedicated pathologist who specializes in colorectal malignancy. Patients with TR were classified into the TR group, and patients with NTR were classified into the NTR group.
Follow-Up and Oncologic Outcomes
Postoperative follow-up consisted of physical examination, serum CEA measurement, and chest radiography every 3 to 6 months, plus abdominal pelvis and chest CT every 6 months to 1 year. Colonoscopy was performed at 6 months to 1 year postoperatively, and then every 2 to 3 years thereafter.
Recurrence was determined according to radiological or histopathological findings. Local recurrence was defined as recurrence in the areas contiguous to the bed of the primary rectal resection or the site of anastomosis, 17 and distant metastasis was defined as any recurrence outside of the pelvic cavity or dissemination to the peritoneal surface. Recurrence-free survival (RFS) was defined as the time between surgery and the first recurrence event or death.
Statistical Analysis
The clinical characteristics were compared between the TR and NTR using Pearson Chi-squared test, Fisher exact test, or Student t test, as applicable. Survival curves were constructed using the Kaplan-Meier method and were compared using log-rank tests. The association between clinical factors and RFS were performed using Cox proportional hazard regression. To evaluate the summarized RFS rates of the published studies in the literature, which reported the RFS rates for the TR and NTR, a meta-analysis for summing up survival curve was performed using generalized mixed linear model. 18 Here, P < 0.05 was considered significant for all analyses (SPSS ver. 21.0, IBM statistics, Armonk, NY).
RESULTS
Patient Characteristics and Pathologic Outcomes
The NTR group included more male patients; however, age, tumor location, sphincter preservation rate, and the administered combination chemotherapy regimens did not differ between groups. Neither pretreatment nor preoperative CEA demonstrated significant differences. Lymphovascular invasion and perineural invasion were only observed in the NTR group. Significantly more patients in the NTR group underwent adjuvant chemotherapy (Table 1 ). The NTR group demonstrated a heterogeneous ypT stage distribution, and most patients were ypT2 (n ¼ 72, 55%). Lymph node metastases were more frequently present in the NTR group (24.4% in the NTR group vs 6.8% in the TR group; P < 0.001; Table 2 ).
Oncologic Outcomes and Factors Associated With RFS
The cumulative recurrence rate was 19.8% in the NTR group, which is significantly higher than 6.1% in the TR group (P ¼ 0.003), over the mean follow-up periods of 41 and 42 months, respectively. A single local recurrence case was observed in the TR group, and 3 cases of local recurrence were identified in the NTR group (P ¼ 0.53). There was a significant difference in the distant metastasis rate between groups: 8 cases in the TR group (6.1%) versus 25 cases in the NTR group (19.1%). The lung was the most frequent site of metastasis in both groups. The 5-year RFS rate was significantly higher in the TR group (94.0%) than the NTR group (77.8%; Fig. 1 ). TRG was confirmed as the only independent prognostic factor of RFS by the multivariate analysis (Table 3) . Within the NTR group, the 5-year RFS rates were stratified according to ypT stage as follows: 95.7% for ypT1; 79.4% for ypT2; and 61.6% for ypT3 ( Fig. 2A) . In the NTR group, patients with metastatic lymph nodes (ypNþ) demonstrated a significantly lower 5-year RFS rate than ypN-patients (Fig. 2B) .
Summary of the RFS Data in the Published Literature
We identified the RFS rates for TR and NTR in the published literature. Five studies were included in our analysis, each of which reports RFS rates for TR and NTR and included >20 enrolled cases. 3, 11, 12, 19, 20 The summarized RFS curve of the 5 studies (determined using a meta-analysis with generalized linear mixed modeling) showed that NTR demonstrates significantly poorer RFS than TR (P ¼ 0.002; Fig. 3 ). The differences in RFS between the TR and NTR groups in the summarized analysis are quite similar to the differences observed in the present study. The 5-year RFS of the TR and NTR were 94.2% versus 77.7%, and those in the present study were 94% versus 77.8%, respectively (Fig. 3) .
DISCUSSION
In the era of precision medicine, many research topics focus on discovery of predictive biomarkers that determine a patient's individual treatment strategy, regardless of therapeutic areas. It is not an exception in the field of colorectal cancer and it is a great unmet need that we have to find a way to predict individual PCRT response in patients with rectal cancer. Although many studies have been conducted to identify predictive markers of PCRT in rectal cancer, 21 practical, applicable, and predictive markers have not been proposed.
Lack of consensus on standardized classification of response might be 1 of the reasons because it is mandatory that we have a uniform standard to determine good or poor response that correlates with oncologic outcomes.
Until now, TRG had been widely used to determine the tumor response to PCRT. [3] [4] [5] 19, 22 However, the classifications for a good responder to PCRT differs among researchers who use different TRGs 10, [23] [24] [25] ; some studies considered only TR as a good responder, while others included TR with NTR in the same response group. Therefore, on a practical level, consensus regarding good responders to PCRT must precede research. This discordance between studies may derive from the lack of clear pathological definitions for tumor response and interobserver variability among pathologists. In the literature, different definitions of pathologic complete response have been reported. 11 Strictly speaking, within the context of TRG, complete response only includes the status of the primary tumor, while others define a pathologic complete response as no residual disease at all (ie, ypT0N0). Furthermore, the lack of a clear pathological definitions for ''fibrosis'' leads to different interpretations using the TRG system, thereby leading to difficulties when assigning TRG. 26 In our study, we questioned whether the current practice of regarding NTR as the same prognostic group as TR, as an indicator of good response to PCRT is appropriate or not. The results demonstrated a significantly higher recurrence rate and poorer RFS in the NTR group than the TR group, which suggests that NTR should not be equally considered as a good prognostic group as TR.
In many studies, patients with pathologic NTR are included in a similar prognostic group as patients with pathologic TR. 20, 27 In publications on the correlation between TRG and outcomes, NTR is often analyzed as a uniform group with TR. However, the number of patients is too small and different TRG systems are used in several studies; therefore, whether or not NTR should be included in the same prognostic group as TR remains inconclusive. In fact, a recent study assessed several TRG systems and reported a poor RFS rate in NTR group. 12 Our present study also showed that the RFS of NTR overlaps with moderate regression-rather than TR-on both the Mandard and Dworak/Rodel systems. In our dataset, we found that the patients in the NTR group were classified with various ypT and ypN statuses. In NTR patients, the distribution of residual cancer cells within the bowel wall after PCRT and surgery is heterogeneous according to several studies. 4, 28 Metastatic lymph nodes were also more frequently found in the NTR group. The reason for the poorer outcomes in the NTR group may be the heterogeneous distribution, in terms of depth of invasion and lymph node metastasis, within this group. Actually, the RFS rates of the patients in the NTR group significantly differed depending on ypT and ypN status, as shown in Figure 2 . A lower RFS rate among the patients with positive nodesregardless of the TRG system-has also been reported, and the importance of pathologic node-negative status has been emphasized.
11
In an effort to demonstrate a summarized data of the RFS rates of the TR and NTR from the published literature using meta-analysis, we identified 5 studies that report the RFS rates for TR and NTR, respectively. 3, 11, 12, 19, 20 One of them was a meta-analysis of 14 studies. 3 The RFS rates of each study were analyzed using generalized linear mixed modeling and we found that NTR had significantly poorer RFS than that of TR. 18 Comparison of curves of our present study on the summarized RFS curves revealed similar differences between groups. Contrary to the impressions of each individual study, the RFS rate for NTR was significantly poorer than TR.
Due to the shortcomings inherent to any retrospective analysis, this study enrolled a heterogeneous patient population that received different preoperative and postoperative chemotherapy regimens, which could have interfered with the oncologic outcomes. The limitations to our study also included the lack of a long follow-up period. Considering the relatively high rate of late recurrence following PCRT, additional longterm follow-up studies are needed.
The use of different pathologic TRG systems is 1 of the causes of inconsistent results between studies. Here, we used the uniform TRG system suggested by the Gastrointestinal Pathology Study Group of the Korean Society of Pathologists, and this can be translated into other TRG systems such as Mandard and Dworak TRG. Therefore, the results of our present study have an advantage of getting a fair comparison with other studies. Inter-observer variability among pathologists is 1 of the most important factors that affect the results and quality of a study. In our present analyses, a highly trained, dedicated pathologist who specializes in gastrointestinal malignancy repeatedly graded the tumor responses by centrally reviewing the resected specimens in order to diminish shortcomings. This is relatively large-numbered study incorporating a central review that demonstrated prognostic differences between TR and NTR.
In conclusion, NTR demonstrates significantly poorer oncologic outcomes than TR. Therefore, consideration of NTR as an indicator of good response together with TR may not be appropriate. Future prospective studies with a larger number of patients and a longer follow-up duration should provide further subdivision and risk stratification among patients who are treated with PCRT in rectal cancer. Comparison of the recurrence-free survival (RFS) in the present study with that of the published literature. Summary of the RFS rates in the published literature was assessed using generalized mixed linear model. Survival curves of each analysis showed similar difference between the total regression and the near-total regression groups.
